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SYSTEMS AND METHOD FOR OPERATING A 
WIND TURBINE HAVING ACTIVE FLOW 

CONTROL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Cross-reference is hereby made to related, commonly 
assigned, applications: U.S. Ser. No. 12/613,079 entitled 
“Method for Operating a Wind Turbine With Reduced Blade 
Fouling” and published as US. Pub. No. 2010/0143121; U.S. 
Ser. No. 12/613, 157 entitled “Active FloW Control System for 
Wind Turbine” and issued as US. Pat. No. 7,883,313; US. 
Ser. No. 12/ 613,287 entitled “Systems and Methods for 
Assembling an Air Distribution System for Use in a Rotor 
Blade of a Wind Turbine” and published as US. Pub. No. 
2011/0103953; U.S. Ser. No. 12/613,268 entitled “Apparatus 
and Method for Cleaning an Active FloW Control (AFC) 
System of a Wind Turbine” and issued as US. Pat. No. 7,931, 
445; US. Ser. No. 12/613,170 entitled “Systems and Method 
for Operating anActive FloW Control System” and issued as 
US. Pat. No. 8,047,783; and US. Ser. No. 12/613,274 
entitled “Systems and Method for Operating a Wind Turbine 
Having Active FloW Control” and published as US. Pub. No. 
2010/0076614. Each cross-referenced application is invented 
by Jacob Johannes Nies and Wouter Haans and is ?led on the 
same day as this application. Each cross-referenced applica 
tion is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The embodiments described herein relate generally to 
methods and systems for operating a Wind turbine having an 
active ?oW control system and, more particularly, to methods 
and systems for removing debris from the active ?oW control 
system and/or preventing an accumulation of debris Within 
the active ?oW control system. 

Active FloW Control (AFC) is a general term for technolo 
gies and/or systems that actively attempt to in?uence an aero 
dynamic response of an object in reaction to given in-?oW 
conditions. More speci?cally, at least some knoWn AFC sys 
tems are used to manipulate ?oW conditions across an airfoil. 
As used herein, the term “airfoil” refers to a turbine blade, a 
Wing, and/or any other suitable airfoil. Although the embodi 
ments described herein refer to a turbine blade, it should be 
understood that the embodiments described herein may be 
used With any suitable airfoils. In contrast to knoWn passive 
?oW control systems that provide substantially constant ?oW 
control, knoWn AFC systems enable ?oW control to be selec 
tively applied to an airfoil. At least some knoWnAFC systems 
use air distribution systems to manipulate a boundary layer of 
air ?oWing across a surface of an airfoil. KnoWnAFC systems 
include actuators that can be divided in tWo categories, 
depending on their net-mass-?oW. The ?rst category is Zero 
net-mass-?oW actuators, such as synthetic jet actuators, and 
the second category is nonZero-net-mass-?oW actuators, such 
as air ejection actuators, Which may be steady or unsteady 
and/ or bloWing and/ or suction actuators. 

Because AFC systems are subjected to ?uid ?oWs that can 
contain debris, fouling of AFC perforations and/or apertures 
by debris is one of the obstacles for Wide scale application of 
AFC on Wind turbine blades, aircraft Wings, and other air 
foils. As used herein, the term “debris” refers to dirt, dust, 
insects, insect remains, particles, particulates, substances, 
suspended liquids and/ or solids, and/or any other material 
that may contact and accumulate in and/ or on the Wind turbine 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
blades and/ or other airfoils. Further, the terms “perforation” 
and “aperture” can be used interchangeably throughout this 
application. 

In general, fouling of the AFC apertures by debris has an 
adverse effect on AFC system performance. Further, compo 
nents, other than the perforations, of at least some knoWn 
AFC systems are susceptible to fouling as Well. For example, 
in at least some knoWn nonZero-net-mass-?oW systems, 
ambient air, possibly polluted With debris, is draWn into the 
AFC system to feed the actuators. Such polluted intake air 
may foul the air distribution system, the actuators, and/or the 
perforations of the AFC system. 

Such fouling of the perforations and/or other components 
of knoWn AFC systems may alter ?uid ?oWs across an airfoil 
such that the ?uid ?oWs deviate from clean-state ?uid ?oWs 
for Which the blade is designed to yield. Additionally, fouling 
on blade surfaces and/or Within AFC systems may reduce a 
poWer output of a system using airfoils and/ or anAFC system, 
such as a Wind turbine. HoWever, manually cleaning each 
aperture of an AFC system is not practical because of a 
number of apertures in at least some knoWn AFC systems 
and/or a duration of time that is required for the Wind turbine 
to be o?Iine for such manual cleaning. 

Accordingly, it is desirable to provide a method and/or 
system for cleaning anAFC system and/or preventing fouling 
of anAFC system. Further, it is desirable to provide a method 
and/or system for cleaning and/or preventing fouling of a 
blade surface. Moreover, such methods and/ or systems pref 
erably do not include manual cleaning of the AFC system 
and/or blade. 

BRIEF DESCRIPTION OF THE INVENTION 

In one aspect, a method for operating a Wind turbine is 
provided. The method includes operatively coupling a ?uid 
container Within the Wind turbine. The ?uid container is in 
?oW communication With an air distribution system at least 
partially de?ned Within a blade of the Wind turbine. The 
method further includes channeling a ?uid from the ?uid 
container into the air distribution system, and discharging the 
?uid from the air distribution system through at least one 
aperture of the air distribution system de?ned through an 
outer surface of the blade to facilitate removing debris from 
the air distribution system. 

In another aspect, a ?uid distribution system for use in a 
Wind turbine including an air distribution system at least 
partially de?ned Within a blade of the Wind turbine is pro 
vided. The ?uid distribution system includes a ?uid container 
positioned Within the Wind turbine. The ?uid container 
includes a ?uid inlet and is con?gured to contain a ?uid 
therein. The ?uid distribution system further includes a con 
duit in ?oW communication With the ?uid container. The 
conduit is con?gured to channel the ?uid from the ?uid con 
tainer into the air distribution system for discharge through at 
least one aperture of the air distribution system to facilitate 
removing debris from the air distribution system. 

In yet another aspect, a Wind turbine is provided. The Wind 
turbine includes at least one blade, and an air distribution 
system at least partially de?ned Within the blade. The air 
distribution system includes at least one aperture de?ned 
through an outer surface of the blade. The Wind turbine fur 
ther includes a ?uid distribution system con?gured to facili 
tate removing debris from the air distribution system. The 
?uid distribution system includes a ?uid container having a 
?uid inlet and con?gured to contain a ?uid. A conduit is in 
?oW communication With the ?uid container. The conduit is 
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con?gured to channel the ?uid from the ?uid container into 
the air distribution system for discharge through the aperture. 
By including a ?uid distribution system, the embodiments 

described herein facilitate cleaning and maintaining an active 
?oW control system Within a blade of a Wind turbine. More 
speci?cally, a ?uid is channeled from the ?uid distribution 
system into an air distribution system for correcting and/or 
preventing fouling of the air distribution system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-7 shoW exemplary embodiments of the systems 
and method described herein. 

FIG. 1 is a perspective vieW of an exemplary Wind turbine. 
FIG. 2 is schematic vieW of an exemplary ?oW control 

system that may be used With the Wind turbine shoWn in FIG. 
1. 

FIG. 3 is schematic vieW of an exemplary ?uid distribution 
system that may be used With the ?oW control system shoWn 
in FIG. 2. 

FIG. 4 is a schematic vieW of an exemplary alternative ?oW 
control system that may be used With the Wind turbine shoWn 
in FIG. 1. 

FIG. 5 is an enlarged cross-sectional vieW of a portion of 
the ?oW control system shoWn in FIG. 4. 

FIG. 6 is a schematic vieW of an exemplary ?uid distribu 
tion system that may be used With the ?oW control system 
shoWn in FIG. 4. 

FIG. 7 is a ?owchart of an exemplary method for operating 
a Wind turbine that may be used With the ?oW control systems 
shoWn in FIGS. 2 and 4. 

DETAILED DESCRIPTION OF THE INVENTION 

The embodiments described herein include an active ?oW 
control (AFC) system that ejects air through surface apertures 
and/ or perforations to facilitate controlling ?oW separation on 
an airfoil, such as a Wind turbine blade. The methods and 
systems described herein facilitate correcting and/or prevent 
ing fouling of the AFC system and/or blade surfaces. More 
speci?cally, the embodiments described herein channel an 
agent, such as Water, soap, and/ or a protein solvent, into an air 
distribution system of the AFC system. In one embodiment, 
the agent is channeled directly into the air distribution system 
from inside a blade. In an alternative embodiment, the agent 
is channeled into the air distribution system from outside the 
blade by spraying the agent through noZZles in a Wind turbine 
toWer. One or more agents may be used singly, in combina 
tion, and/or in a sequence to correct and/or prevent fouling of 
the AFC system and/or blade. The preventive and/ or correc 
tive methods can be performed periodically and/or selec 
tively, such as upon determining that fouling is taking, or has 
taken, place. 

FIG. 1 is a perspective vieW of an exemplary Wind turbine 
10. In the exemplary embodiment, Wind turbine 10 is a nearly 
horiZontal-axis Wind turbine, hoWever, Wind turbine 10 may 
have any suitable tilt angle. Alternatively, Wind turbine 10 
may be a vertical axis Wind turbine. In the exemplary embodi 
ment, Wind turbine 10 includes a toWer 12 that extends from 
a supporting surface 14, a nacelle 16 mounted on toWer 12, 
and a rotor 18 that is coupled to nacelle 16. Rotor 18 includes 
a rotatable hub 20 and at least one blade 22 coupled to and 
extending outWard from hub 20. In the exemplary embodi 
ment, rotor 18 has three blades 22. In an alternative embodi 
ment, rotor 18 includes more or less than three blades 22. In 
the exemplary embodiment, toWer 12 is fabricated from tubu 
lar steel such that a cavity (not shoWn in FIG. 1) is de?ned 
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4 
betWeen supporting surface 14 and nacelle 16. In an altema 
tive embodiment, toWer 12 is any suitable type of toWer. A 
height of toWer 12 is selected based upon factors and condi 
tions knoWn in the art. 

Blades 22 are spaced about hub 20 to facilitate rotating 
rotor 18 to enable kinetic energy to be transferred from the 
Wind into usable mechanical energy, and subsequently, elec 
trical energy. Blades 22 are mated to hub 20 by coupling a 
blade root portion 24 to hub 20 at a plurality of load transfer 
regions 26. Load transfer regions 26 have a hub load transfer 
region and a blade load transfer region (both not shoWn in 
FIG. 1). Loads induced to blades 22 are transferred to hub 20 
via load transfer regions 26. 

In the exemplary embodiment, blades 22 have a length of 
betWeen approximately 30 meters (m) (99 feet (ft)) and 
approximately 120 m (394 ft). Alternatively, blades 22 may 
have any length that enables Wind turbine 10 to function as 
described herein. As Wind strikes blades 22 from a direction 
28, rotor 18 is rotated about an axis of rotation 30. As blades 
22 are rotated and subjected to centrifugal forces, blades 22 
are also subjected to various forces and moments. As such, 
blades 22 may de?ect and/or rotate from a neutral, or non 
de?ected, position to a de?ected position. Moreover, a pitch 
angle of blades 22, i.e., an angle that determines a perspective 
of blades 22 With respect to a rotor plane, may be changed by 
a pitch adjustment system 32 to control poWer, load, and/or 
noise generated by Wind turbine 10 by adjusting an angular 
position of a pro?le of at least one blade 22 relative to Wind 
vector. Pitch axes 34 for blades 22 are illustrated. In the 
exemplary embodiment, a pitch of each blade 22 is controlled 
individually by a control system 36. Alternatively, the blade 
pitch for all blades may be controlled simultaneously by 
control system 36. Further, in the exemplary embodiment, as 
direction 28 changes, a yaW direction of nacelle 16 may be 
controlled about a yaW axis 38 to position blades 22 With 
respect to direction 28. 

In the exemplary embodiment, control system 36 is shoWn 
as being centraliZed With in nacelle 16, hoWever control sys 
tem 36 may be a distributed system throughout Wind turbine 
10, on supporting surface 14, Within a Wind farm, and/or at a 
remote control center. Control system 36 includes a processor 
40 con?gured to perform the methods and/ or steps described 
herein. Further, many of the other components described 
herein include a processor. As used herein, the term “proces 
sor” is not limited to integrated circuits referred to in the art as 
a computer, but broadly refers to a controller, a microcontrol 
ler, a microcomputer, a programmable logic controller (PLC), 
an application speci?c integrated circuit, and other program 
mable circuits, and these terms are used interchangeably 
herein. It should be understood that a processor and/ or control 
system can also include memory, input channels, and/or out 
put channels. 

In the embodiments described herein, memory may 
include, Without limitation, a computer-readable medium, 
such as a random access memory (RAM), and a computer 
readable non-volatile medium, such as ?ash memory. Alter 
natively, a ?oppy disk, a compact disc-read only memory 
(CD-ROM), a magneto-optical disk (MOD), and/or a digital 
versatile disc (DVD) may also be used. Also, in the embodi 
ments described herein, input channels may include, Without 
limitation, sensors and/or computer peripherals associated 
With an operator interface, such as a mouse and a keyboard. 
Further, in the exemplary embodiment, output channels may 
include, Without limitation, a control device, an operator 
interface monitor and/or a display. 

Processors described herein process information transmit 
ted from a plurality of electrical and electronic devices that 
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may include, Without limitation, sensors, actuators, compres 
sors, control systems, and/or monitoring devices. Such pro 
cessors may be physically located in, for example, a control 
system, a sensor, a monitoring device, a desktop computer, a 
laptop computer, a PLC cabinet, and/or a distributed control 
system (DCS) cabinet. RAM and storage devices store and 
transfer information and instructions to be executed by the 
processor(s). RAM and storage devices can also be used to 
store and provide temporary variables, static (i.e., non-chang 
ing) information and instructions, or other intermediate infor 
mation to the processors during execution of instructions by 
the processor(s). Instructions that are executed may include, 
Without limitation, ?oW control system control commands. 
The execution of sequences of instructions is not limited to 
any speci?c combination of hardWare circuitry and softWare 
instructions. 

FIG. 2 is a schematic vieW of an exemplary ?oW control 
system 100 that may be used With Wind turbine 10. FIG. 3 is 
a schematic vieW of an exemplary ?uid distribution system 
134 that may be used With ?oW control system 100. Addi 
tional and/ or alternative components are indicated by dashed 
lines. In the exemplary embodiment, ?oW control system 100 
is a nonZero-net-mass ?oW control system that includes an air 
distribution system 102. Control system 36 is in operational 
control communication With ?oW control system 100 and/or 
air distribution system 102. As used herein, “operational con 
trol communication” refers to a link, such as a conductor, a 
Wire, and/or a data link, betWeen tWo or more components of 
Wind turbine 10 that enables signals, electric currents, and/or 
commands to be communicated betWeen the tWo or more 
components. The link is con?gured to enable one component 
to control an operation of another component of Wind turbine 
10 using the communicated signals, electric currents, and/or 
commands. 

Air distribution system 102 includes at least one ?oW con 
trol device 104, at least one manifold 106, and at least one 
aperture 108. At least one ?oW control device 104, a respec 
tive manifold 106, and one or more corresponding apertures 
108 form an assembly 110. Each blade 22 includes an assem 
bly 110 at least partially de?ned therein. As such, air distri 
bution system 102 includes a plurality of ?oW control devices 
104, a plurality of manifolds 106, and a plurality of apertures 
108. Alternatively, at least one blade 22 includes an assembly 
110. In the exemplary embodiment, each assembly 110 is 
substantially similar, hoWever, at least one assembly 110 may 
be different than at least one other assembly 110. Further, 
although in the exemplary embodiment each assembly 110 
includes a ?oW control device 104, at least tWo assemblies 
110 may share a common ?oW control device 104. 

Flow control device 104 is, for example, a pump, a com 
pressor, a fan, a bloWer, and/or any other suitable device for 
controlling a ?oW of a ?uid. In one embodiment, ?oW control 
device 104 and/ or assembly 110 includes a valve (not shoWn) 
that is con?gured to regulate a ?oW Within air distribution 
system 102, such as a ?oW rate and/ or a ?oW direction. In the 
exemplary embodiment, ?oW control device 104 is reversible 
for changing a direction of a ?uid ?oW 112. Further, in the 
exemplary embodiment, air distribution system 102 includes 
one ?oW control device 104 for each blade 22 of Wind turbine 
10, hoWever, it should be understood that air distribution 
system 102 can include any suitable number of ?oW control 
devices 104. Control system 36 is in operational control com 
munication With each ?oW control device 104 for controlling 
?uid ?oWs through air distribution system 102. Control sys 
tem 36 may be directly coupled in operational control com 
munication With each ?oW control device 104 and/ or may be 
coupled in operational control communication With each ?oW 
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6 
control device 104 via a communication hub and/ or any other 
suitable communication device(s). 
Each ?oW control device 104 is in ?oW communication 

With at least one manifold 106. When one centraliZed ?oW 
control device 104 is used, ?oW control device 104 is in ?oW 
communication With each manifold 106 of air distribution 
system 102. In the exemplary embodiment, a ?oW control 
device 104 is coupled Within a respective blade 22 at a root 
end 114 of each manifold 106 and/or blade root portion 24 of 
each blade 22. Alternatively, ?oW control device 104 may be 
in any suitable position Within Wind turbine 10 and/or on 
supporting surface 14 (shoWn in FIG. 1) With respect to at 
least one manifold 106. 

In the exemplary embodiment, each manifold 106 is at 
least partially de?ned along an interior surface 116 Within 
respective blade 22 and extends generally along a respective 
pitch axis 34 (shoWn in FIG. 1) from root end 114 of manifold 
106 to a tip end 118 of manifold 106. It should be understood 
that tip end 118 is not necessarily positioned Within a tip 42 of 
blade 22, but rather, is positioned nearer to tip 42 than mani 
fold root end 114 is. In one embodiment, apertures 108 are 
de?ned at a predetermined portion 120 of a length L of blade 
22 from root end 114 Within tip end 118. Further, it should be 
understood that manifold 106 may have any suitable con?gu 
ration, cross-sectional shape, length, and/or dimensions that 
enables air distribution system 102 and/or ?oW control sys 
tem 100 to function as described herein. It should also be 
understood that one or more components of blade 22 can be 
used to form manifold 106. 

In the exemplary embodiment, air distribution system 102 
also includes at least one aperture 108 in ?oW communication 
With respective manifold 106. More speci?cally, in the exem 
plary embodiment, air distribution system 102 includes a 
plurality of apertures 108 de?ned along a suction side 122 of 
respective blade 22. Although apertures 108 are shoWn as 
being aligned in a line along suction side 122, it should be 
understood that apertures 108 may be positioned anyWhere 
along suction side 122 of blade 22 that enables ?oW control 
system 100 to function as described herein. Alternatively or 
additionally, apertures 1 08 are de?ned through a pres sure side 
124 of blade 22. In the exemplary embodiment, aperture 108 
is de?ned though an outer surface 126 of blade 22 for provid 
ing ?oW communication betWeen manifold 106 and ambient 
air 128. 

Flow control devices 104 are, in the exemplary embodi 
ment, in ?oW communication With ambient air 128 via an 
opening 130 de?ned betWeen hub 20 and a hub cover 132. 
Alternatively, Wind turbine 10 does not include hub cover 
132, and ambient air 128 is draWn into air distribution system 
102 through an opening 130 near hub 20. In the exemplary 
embodiment, ?oW control devices 104 are con?gured to draW 
in ambient air 128 though opening 130 and to discharge ?uid 
?oW 112 generated from ambient air 128 into respective 
manifold 106. Alternatively, opening 130 may be de?ned at 
any suitable location Within hub 20, nacelle 16, blade 22, 
toWer 12, and/ or auxiliary device (not shoWn) that enables air 
distribution system 102 to function as described herein. Fur 
ther, air distribution system 102 may include more than one 
opening 130 for draWing air into air distribution system 102, 
such as including one or more openings 130 for each ?oW 
control device 104. In an alternative embodiment, a ?lter is 
included Within opening 130 for ?ltering air 128 entering air 
distribution system 102. It should be understood that the ?lter 
referred to herein can ?lter particles from a ?uid ?oW and/or 
separate liquid from the ?uid ?oW. 

Referring further to FIG. 3, ?oW control system 100 also 
includes, in the exemplary embodiment, ?uid distribution 
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system 134. In the exemplary embodiment, ?uid 136 used 
Within ?uid distribution system 134 is, for example, Water, a 
soap and/or a detergent, a non-freeZing cleaning agent, a 
protein solvent, a de-icing agent, and/or a non-binding coat 
ing agent. In one embodiment, the soap and/or detergent is 
foamed soap and/ or detergent. When ?uid 136 is a non 
binding coating agent, ?uid 136 is, for example, a hydropho 
bic surface coating, a drag reducing coating, an anti-fouling 
silicon coating, a nano-material coating, and/or a dirt-repel 
lent coating, such as Te?on® (Te?on is a trademark of E. I. du 
Pont de Nemours and Company of Wilmington, Del), Min 
cor® TX TT (Mincor is a registered trademark of BASF 
Aktiengesellschaft of LudWigshafen, Germany (“BASF”), 
COL.9® (COL.9 is a registered trademark of BASF), and/or 
Lexan® (Lexan is a registered trademark of SABIC Innova 
tive Plastics IP B.V. Company of Bergen op Zoom, The Neth 
erlands). Further, the non-binding coating agent can be 
applied to a surface and/or a mesh of a ?lter Within opening 
130, components of air distribution system 102, ducting, 
pumps, bloWers, and/ or valves Within Wind turbine 1 0, and/ or 
apertures 108 and/or a surface near aperture 108. 

Fluid distribution system 134 includes a ?uid container 
138, a pump 139, and a conduit 140 in ?oW communication 
With ?uid container 138. Conduit 140 is con?gured to channel 
?uid 136 to at least one assembly 110. Pump 139 is con?g 
ured to discharge ?uid 136 from container 138 into conduit 
140. A valve 142 is coupled betWeen pump 139 and assembly 
110 for selectively controlling a ?oW of ?uid 136 to assembly 
110. Control system 36 is in operational control communica 
tion With pump 139 and/or valve 142 and is con?gured to 
control pump 139 and/ or valve 142. Alternatively, ?uid dis 
tribution system 134 does not include pump 139 and ?uid 136 
is draWn from container 138 by centrifugal force. In the 
exemplary embodiment, ?uid container 138 includes a ?uid 
inlet 144 and is con?gured to contain or hold ?uid 136. In the 
exemplary embodiment, ?uid inlet 144 is de?ned through 
nacelle 16 and is con?gured to collect precipitation from 
ambient air 128. In one embodiment, ?uid inlet 144 is con 
?gured to collect rain and/ or snoW for retention in ?uid con 
tainer 138. 

In an alternative embodiment, conduit 140 is in ?oW com 
munication With a ?uid supply system on, or under, the 
ground. The ?uid supply system is con?gured to continuously 
supply a ?uid to ?uid distribution system 134. As such, ?uid 
distribution system 134 may or may not include container 138 
and/ or pump 139. Rather, ?oW from the ?uid supply system to 
conduit 140 is controlled by valve 142. Examples of the ?uid 
supply system include a public Water supply system and/or a 
dedicated ?uid supply system Within a Wind farm. 

Additionally or alternatively, ?uid container 138, includes 
a ?uid inlet 146 in ?oW communication, via a valve 148, With 
an intake conduit 150 that extends from nacelle 16 through 
toWer 12, to an inlet opening 152 near supporting surface 14 
(shoWn in FIG. 1). Fluid container 138 additionally or alter 
natively includes a ?uid outlet 154 in ?oW communication, 
via a valve 156, With an outlet conduit 158 that extends from 
nacelle 16, through toWer 12, to an outlet opening 160 near 
supporting surface 14. In one embodiment, ?uid 136 is chan 
neled through inlet opening 152 into intake conduit 150 to 
?uid container 138. Alternatively, or additionally, ?uid 136 
can be removed from ?uid container 138 via outlet conduit 
158 to outlet opening 160 for removing and/or exchanging 
?uid 136 in ?uid container 138. 

Control system 36 is in operational control communication 
With valves 148 and/or 156 for controlling a ?oW of ?uid 136 
through valves 148 and/ or 156. In one embodiment, ?uid 136 
is delivered to intake conduit 150 and/ or ?uid 136 is removed 
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8 
from outlet conduit 158 via a truck, a boat, and/ or any suitable 
mobile vehicle or vessel. More speci?cally, the vehicle or 
vessel includes a container and a pumping device for pump 
ing ?uid from the vehicle or vessel container into ?uid distri 
bution system 134 via intake conduit 152 and/ or for pumping 
?uid 13 6 from ?uid container 138 into the vessel container via 
the outlet conduit 158. 

Alternatively, ?uid distribution system 134 includes more 
than one ?uid container. For example, ?uid distribution sys 
tem 134 includes ?uid container 138 and a second ?uid con 
tainer 162 and a second pump 163. Second ?uid container 162 
is con?gured to contain a second ?uid 164. Second ?uid 164 
may be the same ?uid as ?uid 13 6 or a different ?uid than ?uid 
136. Second ?uid container 162 is con?gured similarly to 
?uid container 138 and includes ?uid inlet 144 that can be 
con?gured to collect precipitation and/or ?uid inlet 146 in 
?oW communication With intake conduit 150 via a valve 166. 
Pump 163 is con?gured similarly to pump 139. Additionally, 
or alternatively, second ?uid container 162 includes ?uid 
outlet 154 in ?oW communication With outlet conduit 158 via 
a valve 168. Control system 36 is in operational control com 
munication With valves 166 and/or 168, if present in ?uid 
distribution system 134. Further, When more than one ?uid 
container is present Within ?uid distribution system 134, sec 
ond ?uid container 162 is in ?oW communication With con 
duit 140 via a valve 170 that is controlled by control system 
36. As such, ?uid 136 and/or ?uid 164 may be channeled to at 
least one assembly 110 via conduit 140, singly, in combina 
tion, and/or in series. 

In the exemplary embodiment, conduit 140 is in ?oW com 
munication With air distribution system 102 for channeling 
?uid 136 into air distribution system 102. More speci?cally, 
conduit 140 channels ?uid 136 to at least one assembly 110 
for cleaning and/ or preventing fouling of ?uid control device 
104, manifold 106, and/or apertures 108. In the exemplary 
embodiment, conduit 140 is in ?oW communication With each 
assembly 110 of?oW control system 100. Each assembly 110 
can include a valve 172 for selectively controlling ?uid deliv 
ery into one or more assemblies 110. For example, it may be 
determined that one assembly 110 has debris accumulation 
therein, While other assemblies 110 have no such accumula 
tion. Control system 36 can control valves 172 such that ?uid 
136 is only channeled to assembly 110 that is fouled. In the 
exemplary embodiment, conduit 140 channels ?uid 136 into 
manifold 106 through a noZZle 173 for cleaning and/or pre 
venting fouling of components of manifold 106. NoZZle 173 
is con?gured to produce a spray of ?uid 136 into manifold 
106. NoZZle 173 may be in any suitable position along mani 
fold 106. 

Alternatively, conduit 140 is in ?oW communication With 
?oW control device 104 for cleaning ?oW control device 104 
and manifold 106. NoZZle 173 may or may not be included in 
such an embodiment. When noZZle 173 is included, noZZle 
173 produces a spray of ?uid 136 into ?oW control device 
104. When noZZle 173 is not included, conduit 140 discharges 
?uid 136 into ?oW control device 104. In a particular embodi 
ment, ?uid distribution system 102 includes a temperature 
control device 174 operationally coupled to, such as posi 
tioned along, conduit 140 for adjusting a temperature of ?uid 
136 before ?uid 136 enters assembly 110. For example, tem 
perature control device 174 heats ?uid 136 before ?uid 136 is 
discharged into assembly 110. 

Referring further to FIG. 3, in an alternative embodiment, 
?uid distribution system 134 includes at least one noZZle 176 
coupled to toWer 12 and extending through an outer surface 
44 of toWer 12. More speci?cally, noZZles 176 are de?ned in 
toWer 12 in positions that facilitate directing a stream 178 of 
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?uid 136 toward at least one blade 22 as blade 22 passes tower 
12. Nozzles 176 are in ?oW communication With ?uid con 
tainer 138 and/or second ?uid container 162 via a secondary 
conduit 180 for delivering ?uid 136 and/or second ?uid 164 
through noZZles 176 for discharge from noZZles 176 posi 
tioned through outer surface 44 of toWer 12. A valve 182 is 
coupled betWeen noZZles 176 and conduit 140 for selectively 
channeling ?uid 136 and/or second ?uid 164 to noZZles 176 
via secondary conduit 180. It should be understood that While 
one valve 182 is described herein, ?uid distribution system 
134 can include a valve at each noZZle 176 for selectively 
discharging ?uid 136 and/or second ?uid 164 from 176 When 
?uid distribution system 134 includes more than one noZZle 
17 6. 

It should further be understood that ?uid distribution sys 
tem 134 may include other suitable component to facilitate 
cleaning and/ or maintaining components of Wind turbine 10 
depending on a con?guration of Wind turbine 10. For 
example, ?uid distribution system 134 can be adapted for 
cleaning a leading edge of blade 22 and/or a hub enclosure, 
such as hub cover 132, by adding suitable pipes and/or con 
duits. 

During a ?oW control operation, ?oW control system 100 is 
used to provide AFC for Wind turbine 10. More speci?cally, 
control system 36 controls air distribution system 102 to draW 
in ambient air 128 and discharge a ?uid ?oW 112 through at 
least one aperture 108. Operation of one assembly 110 Will be 
described herein, hoWever, it should be understood that in one 
embodiment each assembly 110 functions similarly. Further, 
assemblies 110 can be controlled to operate in substantial 
synchronicity and/or each assembly 110 may be controlled 
separately such that a ?uid ?oW about each blade 22 may be 
manipulated separately. When assemblies 110 are controlled 
in synchronicity, ?oW control system 100 can be controlled 
by control system 36 to maintain a predetermined load spec 
trum, poWer level, and/or noise level. In the exemplary 
embodiment, control system 36 controls ?oW control device 
104 to draW in ambient air 128 to generate ?uid ?oW 112 
having one or more predetermined parameters, such as a 
velocity, a mass ?oW rate, a pressure, a temperature, and/or 
any suitable ?oW parameter. FloW control device 104 chan 
nels ?uid ?oW 112 through manifold 106 from root end 114 to 
tip end 118. It should be understood that any suitable control 
methods and/or components, such as pitching blade(s) 22, 
can alternatively or additionally be used to control a load 
spectrum, a poWer level, and/ or a noise level of Wind turbine 
10. 
As ?uid ?oW 112 is channeled through manifold 106, ?uid 

?oW 112 is discharged from air distribution system 102 and 
?oW control system 100 through apertures 108. Discharged 
?uid ?oW 112 facilitates manipulating at least a boundary 
layer of a ?uid ?oW across outer surface 126 of blade 22. 
More speci?cally, discharging ?uid ?oW 112 at suction side 
122 of blade 22 increases the lift on blade 22, Which increases 
the poWer generated by Wind turbine 10. Alternatively, ?oW 
control device 104 may be operated to draW in ambient air 128 
through apertures 108 into manifold 106 for discharge from 
nacelle 16, hub 20, and/or any other suitable location. As 
such, ambient air 128 is draWn in from the boundary layer to 
manipulate the boundary layer. 

FIG. 4 is a schematic vieW of an exemplary alternative ?oW 
control system 200 that may be used With Wind turbine 10. 
FIG. 5 is an enlarged cross-sectional vieW of a portion of ?oW 
control system 200. FIG. 6 is a schematic vieW of an exem 
plary ?uid distribution system 228 that may be used With ?oW 
control system 200. Components shoWn in FIG. 1 are labeled 
With similar reference numbers in FIGS. 4-6. Additional and/ 
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10 
or alternative components are indicated by dashed lines. In 
the exemplary embodiment, ?oW control system 200 is a 
Zero-net-mass ?oW control system that includes an air distri 
bution system 202. Control system 36 is in operational con 
trol communication With ?oW control system 200 and/or air 
distribution system 202. 

Air distribution system 202 includes at least one actuator 
204, at least one communication link 206, and at least one 
aperture 208. Actuator 204, communication link 206, and 
apertures 208 de?ne an assembly 210. In the exemplary 
embodiment, each blade 22 includes a respective assembly 
210. As such, in the exemplary embodiment, air distribution 
system 202 includes a plurality of actuators 204, communi 
cation links 206, and apertures 208. Alternatively, air distri 
bution system 202 includes one common communication link 
206 for assemblies 210. In an alternative embodiment, at least 
one blade 22 includes an assembly 210 having communica 
tion link 206. In one embodiment, communication link 206 
provides operational control communication betWeen control 
system 36 and at least one actuator 204. In the exemplary 
embodiment, communication link 206 provides operational 
control communication betWeen control system 36 and a 
plurality of actuators 204 Within an assembly 210. Commu 
nications links 206 may be directly coupled in communica 
tion With control system 36 and/or in communication With 
control system 36 via a communications hub and/or any other 
suitable communication device. In one embodiment, actuator 
204, communication link 206, and/or aperture 208 are at least 
partially de?ned in blade 22. 

Actuator 204 is, in the exemplary embodiment, any knoWn 
or contemplated actuator con?gured to form a synthetic jet 
212 of ?uid. As used herein, the term “synthetic jet” refers to 
a jet of ?uid that is created by cyclic movement of a dia 
phragm and/or piston 217, Where the jet ?oW is synthesiZed 
from the ambient ?uid. Synthetic jet 212 may be considered a 
?uid ?oW through ?oW control system 200. In one embodi 
ment, actuator 204 includes a housing 216 and a diaphragm 
and/or a piston 217 Within housing 216. Diaphragm and/or 
piston 217 can be mechanically, pieZoelectrically, pneumati 
cally, magnetically, and/or otherWise controlled to form syn 
thetic jet 212. In the exemplary embodiment, actuator 204 is 
coupled to an interior surface 218 of blade 22 and is aligned 
With aperture 208 such that synthetic jet 212 and/or ambient 
air 214 ?oWs through aperture 208. 

Aperture 208 is de?ned Within blade 22, and, more speci? 
cally, through an outer surface 220 of blade 22. Further, in the 
exemplary embodiment, at least one assembly 210 of air 
distribution system 202 includes a plurality of actuators 204 
and a plurality of apertures 208. As such, air distribution 
system 202 includes an array 222 of apertures 208 de?ned 
through blade 22. In the exemplary embodiment, apertures 
208 are de?ned along a suction side 224 of each blade 22. 
Although apertures 208 and/or actuators 204 are shoWn as 
being aligned in a line along suction sides 224, it should be 
understood that apertures 208 and/or actuators 204 may be 
positioned anyWhere along suction side 224 of blade 22 that 
enables ?oW control system 200 to function as described 
herein. Additionally or alternatively, apertures 208 are 
de?ned through a pressure side 226 of blade 22, and/ or actua 
tors 204 are coupled to interior surface 218 of any suitable 
side of blade 22. In the exemplary embodiment, aperture 208 
is con?gured to provide ?oW communication betWeen a 
respective actuator housing 216 and ambient air 214. 

FloW control system 200 also includes, in the exemplary 
embodiment, a ?uid distribution system 228. In the exem 
plary embodiment, ?uid 230 used Within ?uid distribution 
system 228 is, for example, Water, a soap and/ or a detergent, 
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a non-freeZing cleaning agent, a protein solvent, a de-icing 
agent, and/or a non-binding coating agent. In one embodi 
ment, the soap and/or detergent is a foamed soap and/or 
detergent. When ?uid 230 is a non-binding coating agent, 
?uid 230 is, for example, a hydrophobic surface coating, a 
drag reducing coating, an anti-fouling silicon coating, a nano 
material coating, and/ or a dirt-repellent coating, such as 
Te?on®, Mincor® IX TT, COL.9®, and/ or Lexan®. Further, 
the non-binding coating agent can be applied to components 
of air distribution system 202, ducting, pumps, bloWers, ?l 
ters, and/or valves Within Wind turbine 10, and/or apertures 
208 and/or a surface near aperture 208. 

Fluid distribution system 228 includes a ?uid container 
232, a pump 233, and a conduit 234 in ?oW communication 
With ?uid container 232. Pump 233 is con?gured to draW ?uid 
230 from container 232 for discharge into conduit 234. Con 
duit 234 is con?gured to channel ?uid 230 to at least one 
noZZle 236, as described in more detail beloW. A valve 238 is 
coupled betWeen pump 233 and noZZle 236 for selectively 
controlling a ?oW of ?uid 230 to noZZle 236. Control system 
36 is in operational control communication With pump 233 
and/ or valve 238 and is con?gured to control pump 233 
and/ or actuate valve 238. Alternatively, ?uid distribution sys 
tem 228 does not include pump 233 and ?uid 230 is draWn 
from container 232 by centrifugal force. In the exemplary 
embodiment, ?uid container 232 includes a ?uid inlet 240 and 
is con?gured to contain or hold ?uid 230. In the exemplary 
embodiment, ?uid inlet 240 is de?ned through nacelle 16 and 
is con?gured to collect precipitation from ambient air 214. In 
one embodiment, ?uid inlet 240 is con?gured to collect rain 
and/ or snoW in ?uid container 232. 

In an alternative embodiment, conduit 234 is in ?oW com 
munication With a ?uid supply system on, or under, the 
ground. The ?uid supply system is con?gured to continuously 
supply a ?uid to ?uid distribution system 228. As such, ?uid 
distribution system 228 may or may not include container 232 
and/ or pump 233. Rather, ?oW from the ?uid supply system to 
conduit 234 is controlled by valve 238. Examples of the ?uid 
supply system include a public Water supply system and/or a 
dedicated ?uid supply system Within a Wind farm. 

Referring further to FIG. 6, in an alternative embodiment, 
?uid container 232 additionally, or alternatively, includes a 
?uid inlet 242 in ?oW communication, via a valve 244, With 
an intake conduit 246 that extends from nacelle 16, through 
toWer 12, to an inlet opening 248 near supporting surface 14. 
In one embodiment, ?uid container 232 additionally or alter 
natively includes a ?uid outlet 250 in ?oW communication, 
via a valve 252, With an outlet conduit 254 that extends from 
nacelle 16, through toWer 12, to an outlet opening 256 near 
supporting surface 14 (shoWn in FIG. 1). In one embodiment, 
?uid 230 is channeled through inlet opening 248 into intake 
conduit 246 to ?uid container 232. Further, ?uid 230 can be 
removed from ?uid container 232 via outlet conduit 254 at 
outlet opening 256. 

Control system 36 is in operational control communication 
With valves 244 and 252 for controlling a ?oW of ?uid 230 
through valves 244 and/ or 252. In one embodiment, ?uid 230 
is delivered to intake conduit 246 and/ or ?uid 230 is removed 
from outlet conduit 254 via a truck, a boat, and/or suitable 
mobile vehicle or vessel. More speci?cally, the vehicle or 
vessel includes a container and a pumping device for pump 
ing ?uid from the vehicle or vessel container into ?uid distri 
bution system 228 via intake conduit 246 and/ or for pumping 
?uid 23 0 from ?uid container 232 into the vessel container via 
the outlet conduit 254. 

Alternatively, ?uid distribution system 228 includes more 
than one ?uid container. For example, ?uid distribution sys 
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12 
tem 228 includes ?uid container 232 and a second ?uid con 
tainer 258 and a second pump 259, shoWn in FIG. 6. Second 
?uid container 258 is con?gured to contain a second ?uid 
260. Second ?uid 260 may be the same ?uid as ?uid 230 or a 
different ?uid than ?uid 230. Second ?uid container 258 is 
con?gured similarly to ?uid container 232 and includes ?uid 
inlet 240 that can be con?gured to collect precipitation and/or 
?uid inlet 242 in ?oW communication With intake conduit 246 
via a valve 262. Pump 259 is con?gured similarly to pump 
233 . Additionally, or alternatively, second ?uid container 258 
includes ?uid outlet 250 in ?oW communication With outlet 
conduit 254 via a valve 264. Control system 36 is in opera 
tional control communication With valves 262 and/or 264, if 
present in ?uid distribution system 228. Further, When more 
than one ?uid container is present Within ?uid distribution 
system 228, second ?uid container 258 is in ?oW communi 
cation With conduit 234 via a valve 266 that is controlled by 
control system 36. As such, ?uid 230 and/ or ?uid 260 may be 
channeled to at least one noZZle 236 via conduit 234, singly, 
in combination, and/ or in series. 

In the exemplary embodiment, ?uid distribution system 
228 includes at least one noZZle 236 coupled to toWer 12 and 
extending through outer surface 44 of toWer 12. More spe 
ci?cally, noZZles 236 are coupled in toWer 12 in positions that 
facilitate directing a stream 268 of ?uid 230 toWard at least 
one blade 22 as blade 22 passes toWer 12. As such, noZZles 
236 are con?gured to channel ?uid 230 into air distribution 
system 202 via apertures 208 as blade 22 passes toWer 12. It 
should be understood that While one valve 238 is described 
herein, ?uid distribution system 228 can include a valve at 
each noZZle 236 for selectively discharging ?uid 230 and/or 
second ?uid 260 from nozzle 236 When ?uid distribution 
system 228 includes more than one noZZle 236. In a particular 
embodiment, ?uid distribution system 228 includes a tem 
perature control device 270 operatively coupled to, such as 
positioned along, conduit 234 for adjusting a temperature of 
?uid 230 before ?uid 230 enters noZZle 236. For example, 
temperature control device 270 heats ?uid 230 before ?uid 
230 is channeled to noZZle 236. It should be understood that 
?uid distribution system 228 may include other suitable com 
ponents for cleaning and/ or maintaining components of Wind 
turbine 10 depending on a con?guration of Wind turbine 10. 
For example, ?uid distribution system 228 can be adapted for 
cleaning a leading edge of blade 22 and/or a hub enclosure, 
such as hub cover 132, by adding suitable pipes and/or con 
duits. 

During a ?oW control operation, ?oW control system 200 is 
used to provide AFC for Wind turbine 10. More speci?cally, 
control system 36 controls air distribution system 202 to draW 
in ambient air 214 and generate synthetic jet 212 through at 
least one aperture 208. Operation of one assembly 210 Will be 
described herein, hoWever, it should be understood that each 
assembly 210 functions similarly. Further, assemblies 210 
can be controlled to operate in substantial synchronicity and/ 
or each assembly 210 may be controlled separately such that 
a ?uid ?oW about each blade 22 may be manipulated sepa 
rately. When assemblies 210 are controlled in synchronicity, 
?oW control system 200 can be controlled by control system 
36 to maintain a predetermined load spectrum, poWer level, 
and/or noise level. In the exemplary embodiment, control 
system 36 instructs actuator 204 to alternately draW ambient 
air 214 into housing 216 (also referred to herein as a “breath 
in stroke”) and discharge synthetic jet 212 (also referred to 
herein as a “breath-out stroke”) from housing 216 using dia 
phragm and/orpiston 217 to generate synthetic jet 212 having 
one or more predetermined parameters, such as a velocity, a 

mass ?oW rate, a pressure, a temperature, and/or any suitable 
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?oW parameter. Synthetic jets 212 facilitate manipulating at 
least a boundary layer of a ?uid ?oW across outer surface 220 
of blade 22. More speci?cally, discharging synthetic jets 212 
at suction side 224 of blade 22 increases the lift on blade 22, 
Which increases the poWer generated by Wind turbine 10. It 
should be understood that any suitable control methods and/ 
or components, such as pitching blade(s) 22, can alternatively 
or additionally be used to control a load spectrum, a poWer 
level, and/or a noise level of Wind turbine 10. 

FIG. 7 is a ?owchart of a method 300 for operating Wind 
turbine 10 (shoWn in FIG. 1). By performing method 300, 
fouling of blade 22 (shoWn in FIG. 1) and/or ?oW control 
system 100 (shoWn in FIG. 2) and/ or ?oW control system 200 
(shoWn in FIG. 4) is facilitated to be corrected and/or pre 
vented. Method 300 is performed by control system 36 
(shoWn in FIG. 1) sending commands and/or instructions to 
components of Wind turbine 10, such as air distribution sys 
tem 102 and/or 202 (shoWn in FIGS. 2 and 4), valves 142, 
148, 156, 166, 168, 170, 172, 182, 238, 244, 252, 262, 264, 
and/ or 266 (shoWn in FIGS. 3 and 6), and/or any other suitable 
component. Processor 40 (shoWn in FIG. 1) Within control 
system 36 is programmed With code segments con?gured to 
perform method 300. Alternatively, method 300 is encoded 
on a computer-readable medium that is readable by control 
system 36. In such an embodiment, control system 36 and/or 
processor 40 is con?gured to read computer-readable 
medium for performing method 300. 

In the exemplary embodiment, method 300 is performed 
periodically according to a predetermined corrective sched 
ule, a predetermined preventative schedule, condition-trig 
gered automated operation, and/or condition-triggered 
manual operation. In a particular embodiment, control system 
36 performs method 300 after control system 36 and/or a 
human operator determines optimal conditions exist, such as 
a loW poWer-generating time period, loW Wind speed time 
period, high Wind speed time period, and/or another optimal 
time period, for performing method 300. Alternatively, or 
additionally, control system 36 is con?gured to determine 
When fouling has occurred and/or Will occur and perform 
method 300 upon making such a determination. In the exem 
plary embodiment, method 300 is also performed to correct 
and/or prevent an icing condition on blade 22 by using a 
de-icing agent, such as an alcohol, as ?uid 136 and/or ?uid 
230 (shoWn in FIGS. 3 and 6). Further, method 300 is per 
formed to prevent fouling of blade 22 and/or ?oW control 
system 100 and/or 200 by using the non-binding coating 
agent described above to form a non-binding surface layer on 
blade 22 and/or Within ?oW control system 100 and/or 200. 
Method 300 used for de-icing and/or for forming a non 
binding surface layer can be performed according to a prede 
termined seasonal schedule by control system 36 and/or 
selectively by an operator of control system 36. 

Control system 36 can be further con?gured to control 
and/ or vary a ?oW rate of ?uid 136 and/ or ?uid 230 into ?oW 
control system 100 and/or 200; to control a ?oW of ?uid 136 
and/or ?uid 230 to be intermittent, continuous, and/or 
sequentially; and/or to terminate use of ?oW control system 
100 and/or 200 such that ?uid 136 and/or ?uid 230 can soak 
at least some components of ?oW control system 100 and/or 
200 before a second ?uid is applied and/or ?uid 136 and/or 
230 is dried. In one embodiment, control system 36 controls 
?oW control system 100 and/or 200 to operate to dry ?uid 136 
and/ or 230 remaining Within ?oW control system 100 and/or 
200. 

Referring to FIGS. 1-3 and 7, in one embodiment When 
nonZero-net-mass ?oW control system 100 is used Within 
Wind turbine 10, method 300 includes operatively coupling 
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14 
301 ?uid container 138 Within Wind turbine 10 such that ?uid 
container 138 is in ?oW communication With air distribution 
system 102, Which is at least partially de?ned Within blade 22 
of Wind turbine 10. Method 300 further includes channeling 
302 ?uid 136 from ?uid container 138 into air distribution 
system 102. Channeling 302 ?uid 136 includes, in one 
embodiment, channeling 302 ?uids 136 and 164 into air 
distribution system 102. When more than one ?uid 136 and 
164 is channeled 302 to air distribution system 102, ?uid 136 
and 164 are channeled 302 to air distribution system 102 
singly, in combination, and/or in a series or sequence. For 
example, When ?uid 136 is Water and ?uid 164 is soap, ?uid 
136 is channeled 302 to pre-rinse blade 22 and/or ?oW control 
system 100, ?uid 164 is channeled 302 to clean blade 22 
and/or ?oW control system 100, and then ?uid 136 is again 
channeled 302 to rinse blade 22 and/or ?oW control system 
100. After blade 22 and/or ?oW control system 100 has been 
cleaned, a third ?uid may then be channeled 302 to form a 
non-binding surface layer on blade 22 and/or in ?oW control 
system 100. 

Further, When nonZero-net-mass ?oW control system 100 
is used Within Wind turbine 10, channeling 302 includes chan 
neling 302 ?uid 136 into air distribution system 134 from 
inside of blade 22 in the exemplary embodiment. More spe 
ci?cally, ?uid 136 is channeled 302 from ?uid container 138 
to ?oW control device 104 of air distribution system 102, and 
?uid 136 is then discharged from ?oW control device 104 into 
a respective manifold 106. As discussed above, manifold 106 
is in ?oW communication With ?oW control device 104 and at 
least one aperture 108. When ?uid 136 is channeled to ?oW 
control device 104 and discharged into manifold 106, ?uid 
136 contacts surfaces of components Within ?oW control 
device 104 and surfaces of manifold 106 for cleaning and/or 
other coating of surfaces of ?oW control device 104 and/or 
manifold 106. Alternatively, ?uid 136 is channeled 302 from 
?uid container 138 into manifold 106 Without contacting the 
surfaces of the components Within ?oW control device 104. 
Bypass of ?oW control device 104 canbe used When operation 
of at least one component of ?oW control device 104 may be 
adversely affected by contact With ?uid 136. 

In addition to, or as alternative to, channeling ?uid 136 to 
air distribution system 102 from inside blade 22, ?uid 136 is 
channeled to at least one noZZle 176 de?ned Within toWer 12, 
and then channeled 302 into air distribution system 102 from 
outside of blade 22. More speci?cally, after ?uid 136 is chan 
neled to noZZle 176, ?uid 136 is ejected from noZZle 176 as 
stream 178 toWard at least one aperture 108 de?ned through 
blade 22. In one embodiment, noZZles 176 are located With 
respect to toWer 12 based on an expected Wind direction When 
noZZles 176 are to be used, for example, the expected Wind 
direction during the time of the year When the fouling load is 
expected to be the highest. HoWever, if nacelle 16 has yaWed 
such that blades 22 are not aligned With noZZles 176, control 
system 36 controls the yaW of nacelle 16 to position the blades 
22 adjacent noZZles 176 and/ or controls a rotation of rotor 18 
to facilitate directing ?uid stream 178 toWard blades 22. 
Alternatively, control system 36 determines When blades 22 
are adjacent noZZles 176 and performs a cleaning process 
based on the determination. 

In the exemplary embodiment, control system 36 is con 
?gured to time the ejection of ?uid 136 With a rotation of 
blade 22 such that ?uid 136 is intermittently ejected from 
noZZle 176. As such, ?uid 136 is not Wasted by ejecting ?uid 
136 When blade 22 is not aligned With noZZle 176 to receive 
?uid 136. Alternatively, ?uid 136 is continuously ejected 
from noZZle 176 for a predetermined period of time. In the 
exemplary embodiment, a velocity difference betWeen blade 
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22 and ?uid stream 178 causes friction between outer surface 
126 of blade 22 and droplets of ?uid 136 to scrub, clean With 
force, buff, cleanse, polish, rub, and/or Wash outer surface 
126. Such velocity difference canbe controlled by controlling 
a speed of blade 22 and/or ?uid ?oW characteristics of ?uid 
stream 178. 

Additionally or alternatively, ?uid 136 is further channeled 
302 into air distribution system 102 by operating ?oW control 
device 104 to draW air 128 and at least a portion of ?uid 
stream 178 into air distribution system 102 through aperture 
108. More speci?cally, ?oW control device 104 is controlled 
to reverse a direction of ?uid ?oW 112 as compared to normal 

active ?oW control operations.As such, ?uid 136 is channeled 
302 into air distribution system 102 via aperture 108. FloW 
control device 104 can be operated to draW ?uid 136 at least 
partially into manifold 106 and/or into ?oW control device 
104 for cleaning and/or maintenance of ?oW control system 
100. After ?oW control device 104 has draWn in air and/or 
?uid 136, ?oW control device 104 reverses the direction of 
?uid ?oW 112 to discharge 304 air and/or ?uid 136 from 
aperture 108 into ambient air 128. During such discharge 304, 
a velocity and/or a mass ?oW rate of ?uid ?oW 112 can be 
increased for a period of time. 

Fluid 136 is then discharged 304 from air distribution sys 
tem 102 through at least one aperture 108 to facilitate remov 
ing debris from air distribution system 102. More speci?cally, 
?uid 136 is channeled 302 to air distribution system 102 for 
interaction With debris Within ?oW control system 100. After 
?uid 136 interacts With debris, ?uid 136 having debris sus 
pended, dissolved, and/or otherWise contained therein, is dis 
charged 304 from air distribution system 102 for removing 
debris from ?oW control system 100. In a particular embodi 
ment, ?uid 136 is heated 306 prior to channeling 302 ?uid 136 
into air distribution system 102 using temperature control 
device 174. 

Further, for channeling 302 ?uid 136 from outside of blade 
22 into air distribution system 102 via noZZle 176, ?uid 136 is 
preserved by timing the ejection of ?uid With the passage of 
blade 22 by noZZle 176. Further, the operating conditions of 
Wind turbine 10 should facilitate cleaning. Examples of oper 
ating condition that facilitate cleaning include, Without limi 
tation, optimal rotational speed of blades 22, reversing the 
direction of ?uid ?oW 112 for at least a portion of the cleaning 
action, and/or any other suitable operating condition that 
enables method 300 to be performed as described herein. 
Moreover, to include only one set of noZZles 176 on toWer 12, 
noZZles 176 may be mounted in a position that corresponds 
With a Wind direction during Which cleaning is needed. For 
example, if insects are the main debris load, the location of 
noZZles 176 should correspond to the appropriate Weather 
conditions and Wind direction. 

Referring to FIGS. 1 and 4-7, in an alternative embodi 
ment, When Zero-net-mass ?oW control system 200 is used 
Within Wind turbine 10, method 300 includes operatively 
coupling 301 ?uid container 232 Within Wind turbine 10 such 
that ?uid container 232 is in ?oW communication With air 
distribution system 202, Which is at least partially de?ned 
Within blade 22 of Wind turbine 10. Method 300 further 
includes channeling 302 ?uid 230 from ?uid container 232 
into air distribution system 202. More speci?cally, in one 
embodiment, ?uids 230 and 260 are channeled 302 into air 
distribution system 202. When more than one ?uid is chan 
neled 302 to air distribution system 202, ?uid 230 and ?uid 
260 are channeled 302 to air distribution system 202 singly, in 
combination, and/or in a series or sequence, as described in 
more detail above. 
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Further, When Zero-net-mass ?oW control system 200 is 

used Within Wind turbine 10, ?uid 230 is channeled 302 into 
air distribution system 202 from outside of blade 22. More 
speci?cally, ?uid 230 is channeled to at least one noZZle 236 
de?ned Within toWer 12, and then channeled 302 into air 
distribution system 202 from outside of blade 22. In one 
embodiment, noZZles 236 are located With respect to toWer 12 
based on an expected Wind direction When noZZles 236 are to 
be used, for example, the expected Wind direction during the 
time of the year When the fouling load is expected to be the 
highest. HoWever, if nacelle 16 has yaWed such that blades 22 
are not aligned With noZZles 236, control system 36 controls 
the yaW of nacelle 16 to position the blades 22 adjacent 
noZZles 236 and/ or controls a rotation of rotor 18 to facilitate 
directing ?uid stream 268 toWard blades 22. Alternatively, 
control system 36 determines When blades 22 are adjacent 
noZZles 236 and performs a cleaning process based on the 
determination. 

In the exemplary embodiment, after ?uid 230 is channeled 
to noZZle 236, ?uid 230 is ejected from noZZle 236 as stream 
268 toWard at least one aperture 208 de?ned through outer 
surface 220 of blade 22. Control system 36 is con?gured to 
time the ejection of ?uid 230 With a rotation of blade 22 such 
that ?uid 230 is intermittently ejected from noZZle 236. As 
such, ?uid 230 is not Wasted by ejecting ?uid 230 When blade 
22 is not in a path of ?uid ejection. Alternatively, ?uid 230 is 
continuously ejected from noZZle 236 for a period of time. In 
the exemplary embodiment, a velocity difference betWeen 
blade 22 and ?uid stream 268 causes friction betWeen outer 
surface 220 of blade 22 and droplets of ?uid 230 to scrub, 
clean With force, buff, cleanse, polish, rub, and/or Wash outer 
surface 220. Such velocity difference can be controlled by 
controlling a speed of blade 22 and/or ?uid ?oW characteris 
tics of ?uid stream 268. 

In the exemplary embodiment, ?uid 230 is further chan 
neled 302 into air distribution system 202 by operating actua 
tor 204 to draW air 214 and at least a portion of ?uid stream 
268 into air distribution system 202 through aperture 208. 
Ejection of ?uid 230 from noZZle 236 may be timed With 
actuator 204 operations. More speci?cally, actuator 204 is 
controlled to perform a breath-in stroke as aperture 208 
passes through ?uid stream 268. As such, ?uid 230 is chan 
neled 302 into air distribution system 202 via aperture 208. 
Actuator 204 can be operated to draW ?uid 230 at least par 
tially into housing 216 for cleaning and/or maintenance of 
?oW control system 200. After actuator 204 has draWn in air 
and/or ?uid 230, actuator 204 performs a breath-out stroke to 
discharge 304 air and/or ?uid 230 from aperture 208 into 
ambient air 214. During such discharge 304, a velocity and/or 
a mass ?oW rate of synthetic jet 212 can be increased for a 
predetermined period of time by controlling operation of 
diaphragm and/ or piston 217. 

Fluid 230 is then discharged 304 from air distribution sys 
tem 202 through at least one aperture 208 to facilitate remov 
ing debris from air distribution system 202. More speci?cally, 
?uid 230 is channeled 302 to air distribution system 202 for 
interaction With debris Within ?oW control system 200. After 
?uid 230 interacts With debris, ?uid 230 having debris sus 
pended, dissolved, and/or otherWise contained therein, is dis 
charged 304 from air distribution system 202 for removing 
debris from ?oW control system 200. In a particular embodi 
ment, ?uid 230 is heated 306 prior to channeling 302 ?uid 230 
into air distribution system 202 using temperature control 
device 270. 

Further, for channeling 302 ?uid 230 from outside of blade 
22 into air distribution system 202 via noZZle 236, ?uid 230 is 
preserved by timing the ejection of ?uid With the passage of 
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blade 22 by nozzle 236. Further, the operating conditions of 
Wind turbine 10 should facilitate cleaning. Examples of such 
operating conditions includes, Without limitation, optimal 
rotational speed of blades 22, reversing the direction of syn 
thetic jet 212 for at least a portion of the cleaning action, 
and/ or any other suitable operating condition that enable 
method 300 to be performed as described herein. Moreover, 
to include only one set of nozzles 236 on toWer 12, nozzles 
236 may be mounted in a position that corresponds With a 
Wind direction during Which cleaning is needed. For example, 
if insects are the main debris load, the location of nozzles 236 
should correspond to the appropriate Weather conditions and 
Wind direction. Additionally, for oscillating actuators 204, the 
breath-in stroke may be timed With the passage of blade 22 by 
nozzle 236. 

The above-described methods and systems facilitate cor 
recting and/ or preventing fouling of an airfoil and/ or an active 
?oW control (AFC) system used With the blade. As such, the 
embodiments described herein facilitate more Wide-spread 
use of AFC in, for example, Wind turbine applications. The 
above-described systems provide an automatic and/ or remote 
controlled method of correcting and/or preventing fouling of 
an AFC system by using a control system located at least 
partially Within a Wind turbine to perform the methods 
described herein. As such, the AFC system is not required to 
be only cleaned and/ or maintained manually at the Wind 
turbine. The above-described control system facilitates 
reducing human operator intervention When fouling has taken 
place and/or Will take place. Further, the systems described 
herein alloW for cleaning and/or maintenance of the AFC 
system and/or Wind turbine during optimal operating condi 
tions, such as loW poWer-generating time periods, such that 
the impact of performing cleaning and/ or maintenance on the 
energy production of the Wind turbine is minimized. 
A technical effect of the systems and method described 

herein includes at least one of: (a) channeling a ?uid from a 
?uid container into an air distribution system at least partially 
de?ned Within a blade of the Wind turbine; (b) discharging the 
?uid from the air distribution system through at least one 
aperture of the air distribution system to facilitate removing 
debris from the air distribution system, Wherein the aperture 
is de?ned through an outer surface of the blade; (c) channel 
ing the ?uids from the ?uid container into a manifold of the air 
distribution system, Wherein the manifold is in ?oW commu 
nication With the aperture; (d) channeling the ?uid from the 
?uid container to a ?oW control device of the air distribution 
system; (e) ejecting the ?uid from at least one nozzle de?ned 
Within a toWer of the Wind turbine toWard the aperture; and (f) 
draWing air and at least a portion of the ejected ?uid into the 
air distribution system through the aperture to channel the 
?uid into the air distribution system. 

Exemplary embodiments of methods and systems for oper 
ating a Wind turbine are described above in detail. The meth 
ods and systems are not limited to the speci?c embodiments 
described herein, but rather, components of the systems and/ 
or steps of the methods may be utilized independently and 
separately from other components and/ or steps described 
herein. For example, the methods may also be used in com 
bination With other active ?oW control systems, and are not 
limited to practice With only the Wind turbine systems as 
described herein. Rather, the exemplary embodiment can be 
implemented and utilized in connection With many other 
fouling correction and/or prevention applications. 

Although speci?c features of various embodiments of the 
invention may be shoWn in some draWings and not in others, 
this is for convenience only. In accordance With the principles 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
of the invention, any feature of a draWing may be referenced 
and/or claimed in combination With any feature of any other 
draWing. 

This Written description uses examples to disclose the 
invention, including the best mode, and also to enable any 
person skilled in the art to practice the invention, including 
making and using any devices or systems and performing any 
incorporated methods. The patentable scope of the invention 
is de?ned by the claims, and may include other examples that 
occur to those skilled in the art. Such other examples are 
intended to be Within the scope of the claims if they have 
structural elements that do not differ from the literal language 
of the claims, or if they include equivalent structural elements 
With insubstantial differences from the literal language of the 
claims. 
What is claimed is: 
1. A method for operating a Wind turbine, said method 

comprising: 
operatively coupling a ?uid container Within the Wind tur 

bine, the ?uid container in ?oW communication With an 
air distribution system at least partially de?ned Within a 
blade of the Wind turbine; 

channeling a ?uid from the ?uid container into the air 
distribution system, the ?uid including at least a liquid 
?uid; and, 

discharging the ?uid from the air distribution system 
through at least one aperture of the air distribution sys 
tem to facilitate removing debris from the air distribu 
tion system, the aperture de?ned through an outer sur 
face of the blade. 

2. A method in accordance With claim 1, Wherein channel 
ing a ?uid from a ?uid container into an air distribution 
system comprises channeling the ?uid from the ?uid con 
tainer into a manifold of the air distribution system, the mani 
fold in ?oW communication With the aperture. 

3. A method in accordance With claim 1, Wherein channel 
ing a ?uid from a ?uid container into an air distribution 
system comprises: 

channeling the ?uid from the ?uid container to a ?oW 
control device of the air distribution system; and, 

discharging the ?uid from the ?oW control device into a 
manifold of the air distribution system, the manifold 
providing ?oW communication betWeen the ?oW control 
device and the aperture. 

4. A method in accordance With claim 1, Wherein channel 
ing a ?uid from a ?uid container into an air distribution 
system comprises channeling at least one of Water, soap, a 
detergent, a foamed cleaning agent, a protein solvent, a de 
icing agent, and a non-binding coating agent into the air 
distribution system. 

5. A method in accordance With claim 1, Wherein channel 
ing a ?uid from a ?uid container into an air distribution 
system comprises: 

ejecting the ?uid from at least one nozzle de?ned Within a 
toWer of the Wind turbine toWard the aperture; and, 

draWing air and at least a portion of the ejected ?uid into the 
air distribution system through the aperture to channel 
the ?uid into the air distribution system. 

6. A method in accordance With claim 1, further compris 
ing heating the ?uid prior to channeling the ?uid into the air 
distribution system. 

7. A ?uid distribution system for use in a Wind turbine 
including an air distribution system at least partially de?ned 
Within a blade of the Wind turbine, the air distribution system 
con?gured to channel air through the Wind turbine, said ?uid 
distribution system in ?oW communication With the air dis 
tribution system, said ?uid distribution system comprising: 
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a ?uid container operatively coupled Within the Wind tur 
bine, said ?uid container comprising a ?uid inlet and 
containing a ?uid therein, the ?uid comprising a liquid 
?uid; 

a conduit in ?oW communication With said ?uid container 
and the air distribution system, said conduit con?gured 
to channel the ?uid from said ?uid container into the air 
distribution system for discharge through at least one 
aperture of the air distribution system to facilitate 
removing debris from the air distribution system; and, 

a pump con?gured to discharge the ?uid from said ?uid 
container into said conduit. 

8. A ?uid distribution system in accordance With claim 7, 
Wherein said conduit is in ?oW communication With a mani 
fold of the air distribution system providing ?oW communi 
cation betWeen said ?uid container and the aperture. 

9. A ?uid distribution system in accordance With claim 7, 
Wherein said conduit is in ?oW communication With a ?oW 
control device of the air distribution system, said ?oW control 
device providing ?oW communication betWeen said ?uid 
container and the aperture. 

10. A ?uid distribution system in accordance With claim 7, 
Wherein said conduit is in ?oW communication With a noZZle 
de?ned in a toWer of the Wind turbine, said noZZle con?gured 
to channel said ?uid into the aperture by ejecting the ?uid 
toWard the aperture, Wherein the air distribution system is 
con?gured to draW in air and at least a portion of said ejected 
?uid into the air distribution system through the aperture. 

11. A ?uid distribution system in accordance With claim 7, 
Wherein said ?uid container is con?gured to collect precipi 
tation. 

12. A ?uid distribution system in accordance With claim 7, 
Wherein said ?uid container is in ?oW communication With an 
intake conduit extending through a toWer of the Wind turbine. 

13. A ?uid distribution system in accordance With claim 7, 
further comprising a control system in control communica 
tion With said ?uid distribution system and the air distribution 
system, said control system con?gured to: 

channel the ?uid from said ?uid container into the air 
distribution system; and, 

discharge the ?uid from the air distribution system through 
the aperture to facilitate removing the debris from the air 
distribution system. 

14. A ?uid distribution system in accordance With claim 7, 
further comprising: 

a ?rst ?uid container con?gured to contain a ?rst ?uid; 
a ?rst valve coupled to an outlet of said ?rst ?uid container; 
a second ?uid container con?gured to contain a second 

?uid; and, 
a second valve coupled to an outlet of said second ?uid 

container, 
Wherein said ?rst valve and said second valve are in ?oW 

communication With said conduit, said ?rst valve and 

20 

25 

30 

35 

40 

45 

20 
said second valve con?gured to selectively channel at 
least one of said ?rst ?uid and said second ?uid into the 
air distribution system. 

15. A Wind turbine, comprising: 
at least one blade; 
an air distribution system at least partially de?ned Within 

said at least one blade, said air distribution system com 
prising at least one aperture de?ned through an outer 
surface of said blade, said air distribution system con 
?gured to channel air to said at least one aperture; and, 

a ?uid distribution system in ?oW communication With said 
air distribution system and con?gured to facilitate 
removing debris from said air distribution system, said 
?uid distribution system comprising: 
a ?uid container operatively coupled Within said Wind 

turbine, said ?uid container containing a ?uid com 
prising at least one of a cleaning ?uid and a surface 
coating ?uid; 

a conduit in ?oW communication With said ?uid con 
tainer and said air distribution system, said conduit 
con?gured to channel the ?uid from said ?uid con 
tainer into said air distribution system for discharge 
through said aperture; and, 

a pump con?gured to discharge the ?uid from said ?uid 
container into said conduit. 

16. A Wind turbine in accordance With claim 15, further 
comprising a nacelle, said ?uid container positioned Within 
the nacelle. 

17. A Wind turbine in accordance With claim 15, Wherein 
said Wind turbine comprises a plurality of blades, said air 
distribution system comprising a plurality of manifolds and a 
plurality of ?oW control devices, each manifold of said plu 
rality of manifolds de?ned Within a respective blade and each 
?oW control device of said plurality of ?oW control devices 
coupled Within a respective blade, and said ?uid distribution 
system comprising a plurality of conduits, each conduit of the 
plurality of conduits in ?oW communication With at least one 
of a respective ?oW control device and a respective manifold. 

18. A Wind turbine in accordance With claim 15, further 
comprising at least one noZZle de?ned Within a toWer of said 
Wind turbine, said noZZle con?gured to channel the ?uid into 
said aperture by ejecting the ?uid toWard said aperture, 
Wherein said air distribution system is con?gured to draW in 
air and at least a portion of the ejected ?uid into said air 
distribution system through said aperture. 

19. A Wind turbine in accordance With claim 15, further 
comprising a control system in control communication With 
said ?uid distribution system and said air distribution system, 
said control system con?gured to: 

channel the ?uid from said ?uid container into said air 
distribution system; and, 

discharge the ?uid from said air distribution system 
through said aperture to facilitate removing the debris 
from said air distribution system. 

* * * * * 


